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Interstitial nephritis in rats immunized with heterologous
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Interstitial nephritis in rats immunized with heterologous tubular
basement membrane. Interstitial nephritis developed in Brown
Norway (BN) and Lewis/BN (L/BN) F1 hybrid rats within two
weeks after immunization with bovine cortical tubular basement
membrane (TBM) in complete Freund's adjuvant (CFA) or
pertussis adjuvant (PA). The histologic lesion began as a poly-
morphonuclear leukocyte infiltrate and quickly progressed to a
primarily mononuclear cell infiltrate with tubular atrophy and
tubular epithelial cell degeneration, interstitial and periglo-
merular fibrosis, and only minimal glomerular abnormalities. It
was most severe in BN rats immunized with bovine TBM in PA.
Direct immunofluorescence of kidneys revealed linear deposits of
lgG along TBM of all proximal tubules and 10 to 20% of distal
tubules, and occasionally along the Bowman's capsule. Indirect
immunofluorescence revealed anti-TBM antibody in serum and
renal eluates. There were no anti-GBM antibodies. Only minor
abnormalities of renal function were detected. None of ten
additional rat strains similarly immunized developed nephritis.
Two strains, F344 and August, did not produce antibody in
response to immunization; three strains, Lewis, Wistar-Furth
(W/F) and Maxx, developed antibodies but did not possess an
antigen on their TBM cross-reactive with the immunizing
bovine TBM; and five strains, Ad, Buffalo, Wistar, W/F (fz)
and DA, had only small quantities of anti-TBM antibody
deposited in their kidneys and did not develop nephritis.
Néphrite interstitielle chez des rats immunisés avec de Ia
membrane basale tubulaire héterologue. Une néphrite inter-
stitielle se développe chez les rats Brown Norway (BN) et les
hybrides Lewis/BN (L/BN) F1 en deux semaines aprés l'im-
munisation avec de Ia membrane basale tubulaire corticale
bovine (TBM) dans de l'adjuvant de Freund complet (CFA) ou
de l'adjuvant de pertussis (PA). Les lesions histologiques com-
mencent par une infiltration de polynucléaires et deviennent
rapidement un infiltrat de cellules mononuclées associé a une
atrophie tubulaire avec une dégénérescence des cellules épithé-
hales tubulaires, une fibrose interstitielle et périglomérulaire et
des anomalies glomérulaires minimes. Ces images sont plus
sévères chez les rats BN immunisés avec la TBM bovine dans le
PA. L'immunofiuorescence directe des reins montre des dépôts
linéaires d'IgG he long des TBM de tous les tubes proximaux et
de 10 a 20°/ des tubes distaux et parfois he long de ha capsule de
Bowman. L'immunofiuorescence indirect révèle des anticorps
anti-TBM dans le serum et les éluats de rein. 11 n'y a pas d'anti-
corps anti-GBM. Seules des anomalies mineures de Ia fonction
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rénale sont observées. Aucune des dix autres souches de rats
immunisés n'a développé de néphrite. Deux souches, F344 et
August, n'ont pas produit d'anticorps en réponse a l'immunisa-
tion; trois souches, Lewis, Wistar-Furth (W/F) et Maxx, ont
produit des anticorps mais n'avaient pas d'antigenes sur leurs
TBM aui réagissent avec la TBM bovine immunisante; cinq
souches, ACT, Buffalo, Wistar, W/F (fz) et DA, avaient seule-
ment de petites quantités d'anticorps anti TBM déposées sur
leurs reins ent n'ont pas développé de néphrite.
Because increasing attention is being given to the
occurrence of immunologic injury to renal tubules in
humans, we established and studied a model of this
phenomenon in rats. Deposits of IgG on tubular
basement membrane (TBM) have now been recognized
in many human diseases, including granular deposits
in lupus and membranoproliferative glomerulone-
phritis [1], and linear deposits in anti-GBM antibody-
induced glomerulonephritis [2]. Anti-TBM antibodies
have been detected in occasional homograft recipients
[3, 4], and we have observed patients with similar
findings in this laboratory (Wilson, CB., Lehman,
D. H., Dixon, F. J.: unpublished observations). Cell-
mediated immune tubular injury has been implicated
in the pathogenesis of the renal tubular acidosis which
sometimes accompanies transplant rejection and
hypergammaglobulinemic states [5]. Models of im-
mune tubular injury have recently been developed in
the rabbit, guinea pig and rat [6—13]. Rabbits im-
munized with homologous kidney in complete
Freund's adjuvant (CFA) deposited IgG in a granular
fashion along TBM and developed interstitial nephritis
[6, 7]. Similarly, 3 of 11 rabbits receiving renal allo-
grafts were shown to develop granular deposits of
IgG along TBM [81. After immunization with rabbit
or bovine cortical TBM in CFA or pertussis adjuvant
(PA), guinea pigs demonstrated linear IgG deposits
along both GBM and TBM and developed an inter-
stitial lesion with a prominent lymphocytic infiltrate
[9, 10]. Brown Norway (BN) and Lewis/Brown
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Norway (L/BN) rats immunized with homologous
kidney suspended in CFA, and receiving PA as well,
developed interstitial nephritis associated with anti-
TBM antibodies deposited in linear fashion along
TBM of proximal tubules, as well as autologous
immune complex glomerulonephritis [11—13].
We previously showed that BN rats immunized with
bovine cortical TBM developed interstitial nephritis, in
association with linear deposits of IgG along TBM of
proximal tubules [14]. This report describes this model
in detail and demonstrates the strain-specific nature of
this disease in rats.
Methods
Animals. Ten inbred rat strains and two hybrids,
both sexes, 150 to 300 g, were used. BN, Lewis and
L/BN F1 hybrid rats were obtained from our own
breeding colony; F344, W/F and Maxx (an inbred
L/BN strain) rats from Microbiological Associates,
Bethesda, Maryland; Ad, Buffalo and Wistar rats
from Simonsen Laboratories, Gilroy, California; and
DA, August and W/F (fz) (a W/F subline) rats from
Dr. Joy Palm, Wistar Institute, Philadelphia, Penn-
sylvania.
Antigen preparation and immunization. Bovine
cortical tubules were isolated from minced cortex by
the sieving method of Spiro [15] as modified by
Mahieu and Winand [16]. Cortical TBM was pre-
pared by ultrasonic disruption of the isolated tubules
[16]. The TBM antigen was lyophilized and stored at
— 20°C until used.
For qualitative studies, three or more rats of each
strain were immunized with bovine cortical TBM, 4
mg, in CFA, with 4 mg of dried Mycobacterium
tuberculosis, H37Ra strain (Difco Laboratories,
Detroit, Michigan). The inoculum (1 ml) was divided
between the two hind footpads and two to three
intradermal sites on the back of each animal. One
month later, unilateral nephrectomies were performed,
and the rats were reimmunized with antigen (4 mg) in
incomplete Freund's adjuvant (ICFA). As controls,
two or more rats of each strain were immunized with
CFA alone and reimmunized with ICFA after uni-
lateral nephrectomy at one month. All of these rats
were killed after two months.
In additional qualitative studies, groups of ten BN,
ACI and F344 rats were immunized with bovine
cortical TBM, 4 mg, in PA, with I x 10" organisms
in a water-in-oil emulsion (Parke, Davis and Company,
Detroit, Michigan). One milliliter of inoculum was
divided between each rat's two hind footpads and
back. The BN group was killed after two weeks. The
other two groups underwent unilateral nephrectomies
and were reimmunized after two weeks, and were
killed after one month. As controls, similar groups of
five rats received immunizations with PA alone.
In order to determine the time and mode of onset of
the immunopathologic abnormalities, groups of five
BN rats were immunized with bovine cortical TBM,
4 mg, in PA and killed at daily intervals, from 4 to
14 days after immunization.
For quantitative antibody studies, groups of three
BN rats were immunized with bovine cortical TBM,
4 mg, in CFA or PA and killed two weeks later. Three
BN rats were immunized with TBM in CFA and killed
after one month. Control rats were immunized with
CFA or PA alone and killed after one month. Groups
of ACT rats were immunized with TBM, 4 mg, in
CFA or PA, or CFA or PA alone. They were re-
immunized after two weeks with TBM (4 mg) in
ICFA, TBM (4 mg) in PA, or ICFA or PA alone and
killed after one month.
Pathologic studies. Animals were bled out, and lung,
heart, adrenal, jejunal, liver, spleen and kidney tissues
from all rats were fixed in Bouin's solution. Sections
were stained with hematoxylin-eosin and periodic-
acid Schiff (PAS).
Immunofluorescence studies. Fluorescein-conjugated
rabbit anti-rat IgG, rabbit anti-rat C3 (zymosan), and
rabbit anti-rat fibrinogen were prepared [17—20]. All
antisera were monospecific by immunoelectrophoresis.
Anti-IgG and anti-fibrinogen immunofluorescent acti-
vity could be blocked by absorption with IgG and
fibrinogen, respectively. Anti-C3 immunofluorescent
activity could be removed by immune complexes (of
rabbit anti-rat IgG and rat IgG) suspended in fresh
rat serum (diluted 1: 10), but not by complexes
suspended in similarly diluted decomplemented serum
(56°C, 30 minutes). Unfixed cryostat sections of snap-
frozen kidney were examined by immunofluorescence,
as previously described, employing an interference
filter system (FITC, Optisk Laboratorium, Lyngby,
Denmark) [2].
Sera specimens (from all strains), obtained at
death, in both the qualitative and quantitative
studies, were tested for antibody activity by indirect
immunofluorescence with normal rat kidney (all
strains) or bovine kidney sections as targets. Sera
samples from BN rats immunized with Sprague-
Dawley rat kidney (obtained from Dr. 0. A. Andres
[13]) were similarly tested by indirect immuno-
fluorescence on BN rat and bovine kidney sections.
Elution studies. For qualitative study of renal-bound
IgG, kidneys from 21 BN rats were eluted separately:
from five BN rats one month after immunization with
TBM in CFA; from five rats two months after
immunization with TBM in CFA and one month after
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unilateral nephrectomy and reimmunization with
TBM in ICFA; from five, two weeks after immunization
with TBM in PA; from three, one month after im-
munization with CFA alone; and from three, two
weeks after immunization with PA alone. The kidneys
were eluted at acid pH for one hour [2]. Eluates were
concentrated by negative pressure dialysis to 250 to
500 pJ/2 kidneys and tested for antibody activity by in-
direct immunofluorescence with normal BN rat kidney,
choroid plexus, heart, lung, liver, spleen, jejunum and
skin as targets. Eluates were also tested on bovine,
rabbit and guinea pig kidney targets.
In order to determine the amount of deposited IgG,
kidneys from the groups of BN and ACI rats in the
quantitative studies were eluted. These eluates were
concentrated and tested by indirect immunofluores-
cence, using normal BN rat kidney sections, and the
IgG content was determined by radial diffusion in gel
[21]. Sera from these groups were similarly tested by
indirect immunofluorescence, at serial dilutions.
Renal function. Four groups of five BN rats were
housed in metabolic cages for 24-hour periods prior to
immunization (with TBM in CFA or PA, CFA or PA
alone), nephrectomy and reimmunization with TBM in
ICFA or ICFA alone (if performed), and sacrifice.
Urinary glucose (Labstix, Ames Company, Elkhart,
Indiana), lysozyme [221 and protein [23] excretion was
determined. Serum creatinine [24] was determined at
sacrifice. Normal urinary lysozyme in ten non-
immunized BN rats (mean±sD) was 0.7± 1.2 ig/ml.
Normal urinary protein was 4.8 1.8 mg/24 hours in
ten male BN rats and 0.6±0.2mg/24 hours in ten
female BN rats. Normal serum creatinine concen-
tration was l.20±0.l6%.
Results
Pathologic studies. Abnormalities were confined to
the kidneys of BN and L/BN rats immunized with
TBM. Both sexes had equal involvement. Grossly, the
kidneys of BN rats immunized with TBM in CFA
appeared normal after one month, but after two
months, ten out of ten were swollen and pale, with
small sub-capsular hemorrhages. Kidneys of eight of
ten BN rats immunized two weeks previously with TBM
in PA demonstrated focal, irregular swelling, pallor
and small hemorrhages (Fig. la). Similar changes first
occurred in three of five BN rats ten days after im-
munization with TBM in PA and with progressive
severity in all five on the following days (Table 1). All
L/BN kidneys appeared grossly normal, even after
two months.
Initially, the histologic lesion in three of five BN rats
immunized ten days previously with TBM in PA con-
sisted of a patchy, cortical, cellular infiltrate, approxi-
mately three-fourths polymorphonuclear and one-
fourth mononuclear cells. There was tubular cell
granularity, vacuolization and basophilia (Fig. lb).
Similar abnormalities appeared in all five BN rats
immunized with TBM in PA 11 or more days pre-
viously (Table 1). Over the period from 10 to 14 days
after immunization, the infiltrate extended to involve
most of the cortex and became progressively mono-
nuclear in character.
Kidneys of BN rats immunized with TBM in PA
had severe, diffuse disease after two weeks, involving
60 to 90°,/ of the cortex. Cortical interstitial infiltrates
in these kidneys consisted almost entirely of mono-
nuclear cells, primarily small lymphocytes, with only
occasional polymorphonuclear cells (Fig. lc). Rarely,
lymphoid cells appeared to be disrupting TBM and
entering a tubule. Tubular epithelial cells in involved
areas contained cloudy, granular, basophilic and,
sometimes, vacuolated cytoplasm; nuclei appeared
shrunken and hyperchromatic. Some tubules were
dilated and filled with casts (Fig. ld). Others were
markedly atrophic, with prominent peritubular fibrosis
(Fig. le). PAS-stained sections revealed thickening of
TBM of proximal tubules in severely involved areas.
Periglomerular fibrosis occurred, but there was mild or
no glomerular hypercellularity and no thickening of
capillary walls. Glomeruli in fibrosed areas occasionally
appeared hyalinized and atrophic. Architectural
derangement was very severe in some areas. Medullas
demonstrated cloudy, granular and slightly basophilic
tubular epithelium, although cellular infiltrate was
minimal.
Kidneys from all BN and L/BN rats immunized
with TBM in CFA demonstrated similar, though
much less severe, interstitial nephritis. After one
month, kidneys of BN rats had abnormalities that
were focal and confined to the outer cortex (Fig. if).
By two months, these lesions had coalesced, and the
infiltrates extended in an interrupted fashion inward
over 45 to 75% of the cortex. Occasional multi-
nucleated giant cells were seen. Medullary involvement
was minimal and was restricted to the outermost
portions. L/BN kidneys showed only scattered,
minimal outer-cortical lesions after one month, with
only slight progression of the lesions after two months.
Immunofluorescence studies. Kidneys from BN rats
immunized one or two months earlier with TBM in
CFA (ten out of ten), or two weeks previously with
TBM in PA (ten out of ten), exhibited IgG in linear
fashion along TBM of all proximal tubules (Fig. 2a).
No linear IgG was detectable on GBM; Bowman's
capsule sometimes stained for IgG in a linear, but
usually segmental, fashion (Fig. 2b). Proximal tubules
4et i'kit: : STfl1a !
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Fig. 1. a, Focal pallor and swelling is seen two weeks after immunization of BN rats with TBM in PA. (Original magnification, x 2). b, Ten
days after immunization of BN rats with TBM in PA, an interstitial infiltrate appears, consisting primarily ofpolymorphonuclear leukocytes.
Tubular epithelial cells are vacuolated and have granular cytoplasm. (Hematoxylin-eosin; original magnification, x 320). c, Charac-
teristic mononuclear cell infiltrate is present two weeks after immunization of BN rats with TBM in PA. Only occasional polymorphonu-
clear leukocytes are present. Tubular epithelium appears pale and granular. (Hematoxylin-eosin; original magnification, x 320).
d, Degenerating, cast-filled tubules can be seen near the cortical surface, two weeks after immunization of BN rats with TBM in PA.
(Hematoxylin-eosin; original magnification, x 160). e, Cast-filled, atrophic tubules are seen in some areas two weeks afterimmunization of
BN rats with TBM in PA. Epithelial cells are pale and granular. There is peritubular fibrosis and interstitial cellular infiltrate. (Hema-
toxylin-eosin; original magnification, < 320). f, One month after immunization of BN rats with TBM in CFA there is a focal, cortical,
interstitial infiltrate of mononuclear cells. Tubules in affected areas are pale and shrunken. (Hematoxylin-eosin; original magnification,
x 160).
were positively identified by overlaying renal sections
with eluted IgG from rats with autologous immune
complex (Heymann) glomerulonephritis, which was
bound to the brush border of proximal tubules, and
fluoresceiriated rabbit anti-rat IgG (Fig. 2) [25, 26].
Ten to twenty percent of tubules not staining for
brush border (i.e., distal or collecting tubules) had
linear IgG deposits on TBM. IgG on TBM and Bow-
man's capsule was particularly prominent in kidneys
from BN rats two months after immunization with
TBM in CFA or two weeks after immunization with
TBM in PA; affected basement membrane appeared
thickened and frayed in these groups. Some glomeruli
in architecturally deranged areas had focal clumps of
lgG. No IgG was detected along medullary TBM or
along the brush border of proximal tubules. Kidneys
from all three L/BN rats exhibited somewhat less
prominent, linear IgG deposits along TBM of proxi-
Fig. 2. a, Linear JgG is seen along TBM0f
proximal tubules from a BN rat immun-
ized one month previously with TBM in
CFA. (Fluorescein isothiocyanate con-
jugated anti-rat IgG; original magnifica-
tion, x 250). b, Linear IgG is detected
along TBM of proximal tubules but not
along Bowman's capsule, GBM or distal
tubules from a BN rat immunized one
month previously with TBM in CFA.
(Fluorescein isothiocyanate conjugated
anti-rat lgG; original magnification,
x250).
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mal and occasional distal tubules one and two
months after immunization with TBM in CFA. Less
strongly fluorescent, linear IgO was present along
TBM of all proximal and some distal tubules of all
ACT, DA, Buffalo, Wistar and W/F (fz) rats one and
two months after immunization with TBM in CFA.
ACT rats immunized with TBM in PA also demonstra-
ted only weak fluorescent staining for TgG along TBM
after two and four weeks. No TgG was seen along
GBM in these strains, although occasional linear,
segmental deposits along Bowman's capsule were seen.
All other strains, (Lewis, Maxx, W/F, F344 and
August), as well as all controls, did not have TgG on
TBM, GBM or Bowman's capsule. One of five BN rats
had TgG on TBM six days after immunization with
TBM in PA and all five seven days after immunization
and thereafter (Table I).
Circumferential deposits of C3 along TBM of
Table 1. Time-coursc of renal deposition of IgG and C3 along
TBM and development of pathologic lesions in BN rats
immunized with bovine cortical TBM in PA
Days after immunization
4,5 6 7—9 10 11—14
Rats, N 10 5 15 5 20
Deposition of IgG, Nb 0 1 15 5 20
Deposition of C3, N''° 0 0 0 4 20
Pathologic lesions, N 0 0 0 3 20
a Five animals were studied each day.
b Deposits were detected by direct immunofluorescence using
fluoresceinated rabbit anti-rat IgG and C3.
Deposition of C3 greater than in controls.
proximal and some distal tubules were detectable in
pathologically involved areas in ten out of ten BN
and three of three L/BN rats one and two months after
immunization with TBM in CFA (Fig. 4a). Controls
and normal rats had only segmental, linear deposits
along TBM (Fig. 4b). (These segmental deposits have
been noted previously [13], but their biologic signifi-
cance is not known.) All of ten BN rats immunized
with TBM in PA had prominent C3 on TBM after two
weeks. Faint C3 could sometimes be seen along Bow-
man's capsules in these rats. Four of five BN rats im-
munized with TBM in PA had C3 on TBM (greater
than controls) and Bowman's capsule at ten days, and
all of the five at 11 days and thereafter (Table 1). There
was no C3 on GBM or the brush border of proximal
tubules in experimental or control rats.
Deposition of fibrinogen was mild to marked in the
interstitium of pathologically involved areas in BN
and L/BN kidneys, correlating with the degree of
tissue injury. BN rats immunized with TBM in PA
possessed marked interstitial fibrinogen in areas of
severe infiltration. Atrophic glomeruli sometimes had
focal clumps of fibrinogen similar to glomerular IgG
occasionally seen. Controls had trace or no inter-
stitial fibrinogen.
Sera from all strains immunized with TBM in CFA,
except F344 and August, contained antibody to TBM
of proximal tubules of BN, L/BN, ACT, DA, Buffalo,
W/F (fz), Wistar, F344 and August rat kidney sections
(Table 2). Antibody bound itself to a small percentage
of TBM of distal tubules and all Bowman's capsules
as well. F344 rats produced no circulating antibody
even after immunization with TBM in PA (too few
August rats were available for immunization with
TBM in PA). Sera containing circulating antibodies
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Fig. 3. Linear JgG is seen along TBM of proximal tubules from a
BN rat immunized with TBM in CFA. Proximal tubules were
identified by overlaying the section with IgG eluted from rats
with autologous immune-complex glomerulonephritis, which
binds to the brush border of proximal tubules. Brush border-
negative tubules (distal and collecting tubules) have no IgG on
TBM. (Fluorescein isothiocyanate conjugated anti-rat lgG;
original magnification, x 250.)
Fig. 4. a, Circumferential linear C3 is seen along TBM ofproximal
tubules from a BN rat immunized two months previously with
TDM in CFA. (Fluorescein isothiocyanate conjugated anti-rat
C3; original magnification, x 250.) b, Proximal tubules from a
BN rat immunized with CFA alone have only segmental C3 on
TBM. (Fluorescein isothiocyanate conjugated anti-rat C3;
original magnification, x 250.)
Table 2. Occurrence of rat TBM antigen cross-reactive with
bovine cortical TBM, and antibody response to immunization
with bovine TBM
Rat strain TBM antigen Antibody response
BN + +
Lewis —
L/BN + +
Maxx — +
AC! + +
DA + +
Buffalo + +
W/F — +
W/F (fz) + +
Wistar + +
F344 + —
August + —
against TBM, including Lewis, W/F and Maxx rat
sera, did not bind IgG to Lewis, W/F or Maxx rat
kidney sections (Table 2). No circulating antibodies to
medullary TBM, GBM or the brush border of proximal
tubules of kidneys of any strain were found, and no
antibodies to other organs were detected.
Sera from BN rats immunized with rat kidney
had antibodies against the TBM of proximal tubules
and the brush border of BN kidneys. These sera also
had antibodies against TBM of proximal tubules
(though not brush border) of bovine kidney sections.
Elution studies. In the qualitative studies, eluted
lgG from all of ten BN rats immunized with TBM in
CFA and all of five immunized with TBM in PA
fixed to TBM of all proximal tubules and 15 to 25% of
distal tubules of BN rat kidney sections. Bowman's
capsule uniformly fixed IgG. No IgG deposited on
GBM, medullary TBM or the brush border of proxi-
mal tubules. Eluted IgG also bound to jejunal base-
ment membrane and choroid plexus but to no other
tissue studied. It bound to TBM of proximal tubules of
bovine, rabbit and guinea pig kidneys as well. Control
eluates displayed no antibody activity against kidney or
other tissue studied.
Normal rat serum (diluted 1:50) and eluted lgG
(500 .tg/ml) from BN rats immunized two weeks earlier
with TBM in PA, or from AC! rats one month after
immunization with TBM in PA, were subjected to
immunoelectrophoresis against rabbit anti-rat TgG.
Mobilities were similar among all of the samples.
In the quantitative studies, renal eluates from the
groups of BN and ACI rats immunized with TBM
demonstrated anti-TBM activity, not present in the
control eluates. Radial immunodiffusion of the con-
trol eluates revealed an average IgG titer of 8 sg of
IgG/g of kidney. Over 50 tg of IgG were eluted/g of
BN rat kidney, both two weeks and one month after
immunization with TBM in CFA (Table 3). Over
200 sg/g of IgG could be eluted/g of kidney of BN rats
immunized with TBM in PA. Less than 40 g were
eluted/g of ACT ratkidney afterimmunization withTBM
in either CFA or PA. Serum titers of anti-TBM anti-
bodies correlated with the quantity of eluted antibody.
Function studies. All 20 BN rats used for renal func-
tion studies, both experimental and control, appeared
healthy at time of death. None developed glycosuria
or proteinuria. Before nephrectomy, all BN rats
immunized with TBM in CFA had normal lysozy-
muria. After nephrectomy, four of five excreted in-
creased amounts of lysozyme (mean, 30.8±20.1
sg/ml) compared to nephrectomized controls immu-
nized with CFA alone (mean, 9.4 4.9 Lg/ml). One of
ten nephrectomized BN rats immunized with TBM in
CFA had an elevated serum creatinine concentration
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Table 3. Circulating antibody and eluted IgG from rats immu-
nized with bovine cortical TBM in adjuvant or adjuvant alone
Rat
strain
Immunogen Weeks afte
immuniza-
tion
r Eluted IgG,
g/g of
kidney
Circulating
antibody to
TBM,a
serum
dilution
BN TBM-CFA
TBM-CFA
TBM-PA
CFA
PA
2
4
2
4
4
59
54
203
5
8
1:32—1:128
1:16—1:32
1:256—1:512
NDb
ND
ACI TBM-CFA
TBM-PA
CFA
PA
4
4
4
4
32
36
11
9
1:2-1:4
1:2—1:8
ND
ND
Kidneys and sera from three rats were studied in each group.
b ND=not detectable.
(1.75 mg/100 ml); three of five BN rats on which
nephrectomy was not performed and which were
immunized with TBM in PA had elevated creatinine
values (1.44, 1.59 and 2.22 mg/lOO ml). Controls
had normal creatinine values.
Discussion
This study demonstrates that all BN and L/BN rats
immunized with bovine cortical TBM develop inter-
stitial nephritis associated with linear deposition of
IgG and C3 along cortical TBM. Elution studies con-
firmed the presence of anti-TBM antibodies. Clumps
of IgG and fibrinogen in atrophic glomeruli appear to
represent nonspecific deposits, as elution failed to
show IgG reactive against GBM. The prominent
infiltrate of mononuclear cells present two weeks after
immunization and thereafter might suggest cellular
mediation of the disease. However, examination of
kidneys from BN rats immunized 5 to 14 days earlier
with TBM in PA revealed a process typical of an anti-
body-mediated lesion. Antibody deposition beginning
six days after immunization was followed on days 10
and 11 by laying down of C3 and infiltration of poly-
morphonuclear lymphocytes. The distribution of this
infiltrate appeared to correlate with that of C3
deposition. Over the next three days, a primarily
mononuclear cell infiltrate evolved. Similar mono-
nuclear cell infiltrates have been shown to be a sequel
of antibody-induced injury in the Arthus reaction [27]
and, more recently, in lymphocytic choriomeningitis
and Aleutian disease infections [28, 29]. Sugisaki et
al [13] and Steblay and Rudofsky [30] were recently
successful in transferring anti-TBM nephritis in the
rat and guinea pig, respectively, with serum alone.
Hence, humoral immunity appears to have a major
role in the pathogenesis of the lesion; the relative
contribution of cellular immunity (if any) remains to
be determined.
This model of anti-TBM nephritis is very similar to
those already developed in the guinea pig [9, 10] and
the rat [13]. Guinea pigs immunized with rabbit or
bovine cortical TBM develop a mononuclear cell,
interstitial nephritis. They have antibodies against all
cortical TBM, some medullary TBM and GBM as
well. BN and L/BN rats immunized with homogenized
Sprague-Dawley rat kidney also develop a mono-
nuclear cell, interstitial nephritis. Antibodies to TBM
of only proximal tubules can be demonstrated. (Rats
immunized with bovine TBM form antibodies to
TBM of all proximal tubules and 10 to 20% of distal
tubules as well.) Immunization with whole rat kidney,
instead of purified TBM, has two disadvantages:
first, the lesion is not so reproducibly induced, and
both CFA and PA must be used together; and second,
the rats develop autologous immune complex (Hey-
mann) glomerulonephritis [25, 26] as well. As in the
present model, immunization with homologous kidney
induces nephritis only in BN and L/BN rats, and the
reacting antigen is not detectable on TBM of Lewis
rats [13]. Serum from BN rats immunized with
homologous kidney fixes IgG to bovine TBM. Eluted
IgG from kidneys of BN rats immunized with bovine
TBM binds to rabbit and guinea pig TBM. Hence, the
reactive TBM antigen appears to be similar in all
three models.
As previously demonstrated in the guinea pig and
rat [10, 11], PA is a much more effective adjuvant
than CFA in inducing this nephritis. Over three times
as much IgG (203 g/g) is present on BN rat kidneys
two weeks after immunization with TBM in PA as is
present after immunization with TBM in CFA
(59 tg/g). Serum titers of anti-TBM antibody corre-
late with the quantity of IgG eluted. Histologic
abnormalities are much more severe in BN rats im-
munized with TBM in PA instead of TBM in CFA.
ACT rats deposit only small amounts of anti-TBM
antibody and fail to deposit C3 or develop a patho-
logic lesion regardless of whether CFA or PA is used.
Immunoelectrophoreses of normal rat serum, and
eluted IgG from pathologic BN kidneys or non-
pathologic ACT kidneys were similar, suggesting that
variation in TgG subclasses plays no role in induction
of this nephritis. Instead, development of nephritis
appears to depend on the quantity of antibody
deposited.
Direct and indirect immunofluorescent studies
revealed that Lewis, W/F and Maxx rats lack the
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TBM antigen that cross-reacts with the immunizing
bovine TBM. L/BN rats (of either sex) possess the
cross-reactive antigen; hence, it appears to be in-
herited as a dominant or codominant trait. The Maxx
strain is an inbred L/BN line in which, by chance,
this trait appears to have been bred out. All other
strains tested including the Wistar and a W/F subline,
the W/F (fz), were shown to possess the antigen. Only
two strains, F344 and August, do not produce anti-
body in response to immunization. Preliminary studies
suggest that there is no correlation between presence of
the antigen or antibody response to immunization and
the histocompatibility (Ag-B) type of the different
strains (Lehman, D. H., Palm, J., Wilson, C. B.:
unpublished observations).
The variable (strain-specific) presence of a TBM
antigen in rats may help to explain the occurrence of
anti-TBM antibodies in homografted human kidneys
[3, 4], if a similar phenomenon exists in humans. A
TBM antigen-negative individual receiving a TBM
antigen-positive transplant might well be stimulated to
form anti-TBM antibodies if immunosuppression were
not complete. We are currently investigating this
hypothesis.
Limited renal function tests revealed no glycosuria,
and abnormal lysozymuria was detectable only after
unilateral nephrectomy. Since in these rats injury to
tubules is not complicated by anti-GBM antibody-
induced [9, 10] or immune complex-mediated [13]
glomerular injury, this model should lend itself to ad-
ditional function studies of immunologically-induced
renal tubular injury. Micropuncture studies similar to
those recently accomplished in rats with immuno-
logically mediated glomerulonephritis [31, 32] are
presently being pursued.
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